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Abstract
Natural fibres are the most potential material to be used as alternative fibres
to replace the synthetic fibres used in composite materials as it abundantly
available in our country. An experimental work was carried out in order to
determine the tensile strength of natural fibres composite plates made of
banana, sugarcane, and bamboo. The influence of combination among
natural fibres which are composites plates of banana-sugarcane and
banana-bamboo on tensile strength were investigated. The effect of fibres
orientation with different angles of 00 and 450 on tensile strength was also
investigated. The natural fibres were fabricated as composite plates with
size of 25 mm x 230 mm and thickness less than 3 mm. From tensile test, it
was found that the natural fibres composite plates with angle of 00 produces
higher tensile strength compared to natural fibres composite plates with
angle of 45˚. Moreover, the combination of natural fibres of banana-
sugarcane and banana-bamboo produces higher tensile strength rather than
composite plates of banana, sugarcane and bamboo itself.
Keywords— natural fibres, tensile strength, composite plate, bamboo,
banana, sugarcane
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1. INTRODUCTION
Polymer composite is a combination of synthetic fibres such as glass
(GFRP), carbon (CFRP) or aramid (AFRP) with matrix polymer such as
polyester, vinyl-ester or epoxy. The use of synthetic fibres reinforced
polymer composites has main advantage of high tensile strength compared
to conventional reinforcement materials of steel [1,2]. These materials are
being used in aerospace, automobile and civil engineering as structural
materials which are relatively expensive.
The studies of fibres with low cost and high performance are required to
produce economical and sustainable materials. Mankind has been used
plant fibres for many kinds of purposes. Natural fibres such as banana,
sugarcane and bamboo which are abundantly available in our country are
potentially to be used as alternative fibres. These natural fibres are able to
give certain benefits to the composites such as low density, low cost,
recyclability, biodegradability and flexibility during processing. The
advantages of natural fibres are utilized to reduce the use of synthetic
fibres which are generally non-environmentally friendly. The utilization of
natural resources and wastes are strongly encouraged due to the
economical materials and awareness on the environmental impact and
sustainability.
However, there is not much available information regarding to the natural
fibres especially on their tensile strength and potential as alternative
reinforcing materials. Hence, this research focuses on determining the
tensile strength of natural fibres with different combination and orientation
of natural fibres.
2. NATURAL FIBRES
A natural fibre is hair-like materials that are continuous filament.
Traditionally, natural fibres are used for rope and twine materials and they
are biodegradable and environmentally friendly crop. Natural fibres play an
important role in developing recyclability composites to resolve the current
environmental problems. Natural fibres are light, renewable, high strength
and inexpensive resources.
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The variations of natural fibres properties are influenced by the way plant
are harvested and processed. They can be used as a component of
composite materials. The development of natural fibres reinforced
composites to replace synthetic fibres like glass and carbon as engineering
applications has been performed due to the combination of interesting
mechanical and physical properties together with their sustainable
character [3]. Table 1.1 shows the comparison of mechanical properties
between the natural fibres of banana, sugarcane and bamboo.
Table 1.1: Mechanical properties of natural fibre (alkbir et al., 2016)
Fibres Tensile strength
(MPa)
Young’s modulus
(GPa)
Banana 53.7 3.48
Sugarcane 169.51 5.18
Bamboo 215-218 28-30
2.1 Banana Fibre
Banana fibre is a waste product of banana cultivation and easily available
in tropical countries like Malaysia. Banana is one of the earliest and
important fruit crop cultivated in tropical parts of the world [4]. Banana
farming generates huge quantity of biomass all of which goes as waste and
the major source of fibre is the above ground parts like pseudostem and
peduncle. Fig. 1.1 shows the part of banana which is pseudostem. Banana
farming generated huge quantities of biomass all of which goes as waste
due to non-availability of suitable technology for its commercial utilization.
Normally this biomass is used for animal feed and most of it goes as
wastes.
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Figure 1.1: The pseudostem of banana
However, banana fibre is the best source of fibre that can be used in
industry for production of paper, cardboards and reinforced as polymer
composite with high quality materials. The physical properties of the
banana fibres are shown in Table 1.2.
Table 1.2: Physical properties of banana fibre (Ramesh et al., 2014)
Property Range value
Cellulose (%) 63-64
Hemi cellulose (%) 19
Lignin (%) 5
Moisture (%) 10-11
Density (g/cm3) 1-1.5
Elongation at break (%) 4.5-6.5
Microfibrillar angle (deg.) 11
Lumen size (mm) 5
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2.2 Sugarcane Fibre
It was indicated that sugarcane is a very tall grass with big stems [5]. The
main residues and by products of sugarcanes are bagasse and straw,
defined here as the leaves of the sugarcane. Fig. 1.2 shows the fibrous
residue of sugarcane after crushing and extraction of its juice, known as
‘bagasse’.
Fig. 1.2: Bagasse (sugarcane) wastes
Bagasse fibres have biodegradable and disposable properties and make it
one of the most beneficial natural fibres. Table 1.3 shows the physical
properties of bagasse fibre but the residue of sugarcane creates air
pollution when it is burnt off. The bagasse fibre has many advantages due
to its lower ash content compared to other residual crops such as rice straw
and wheat straw. Sugarcane bagasse fibres are suitable for paper making
and extensively used for making furniture, fiberboard and insulating board.
Sugarcane rind fibres are also successfully used in textile and geotextile
applications [5].
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Table 1.3: Physical properties of bagasse fibre (Hossain et al., 2014)
Property Percentage (%)
Cellulose 35
Hemicellulose 36
Lignin 16
Water content 4
2.3 Bamboo Fibre
Bamboo is belongs to more than 10 genera including about 1450 species
ranging from small annuals to giant timber bamboo and it is one of the
oldest building materials used by mankind [6]. It is the fastest growing
woody plant in the world and is easily obtained globally. Fig. 1.3 shows the
part of bamboo which is stems.
It was stated that a diverse range of products from domestic to industrial
applications has been made from the bamboo culm or stem [7]. The
examples of bamboo products are food containers, skewers, chopsticks,
handicrafts, toys, furniture, flooring, paper, boats, charcoal, musical
instruments, weapons, bicycles, dirigibles, windmills, scales, retaining
walls, ropes and cables.
Fig. 1.3: The stems of bamboo
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Table 1.4 shows chemical composition of bamboo. Technologies have
been extensively developed in recent years to process bamboo and make it
more durable and usable as a building material with advances in science
and technology and the restricted supply of timber.
Table 1.4: Chemical composition of bamboo (Nahar & Hassan, 2012)
Property Range (%)
Holocellulose 67.1
Cellulose 50.2
Lignin 23.9
Ash 1.3
Bamboo has also gained popularity as a ‘green’ fibre as it can be cultivated
quickly and is a natural fibre which cultivation actually reduces greenhouse
gases. A chemical process, mechanical needling and scraping or a steam
explosion process can be used to extract the fibres from the leaves,
branches and trunks. Bamboo is extremely resilient and durable as a fibre
and has served as a foundation structure [8]. For the past several years,
bamboo fibre has been considered as an important plant fibre and has
good potential to be used as reinforcement in polymer composites. Its
characteristics, mechanical properties and thermal properties had made it a
useful material for applying in engineering application.
3. FABRICATION OF NATURAL FIBRES COMPOSITE PLATES
The natural fibres used in this study are banana, sugarcane and bamboo.
The fibres were separated and extracted from the stem of the plants
manually. The fibres were sun-dried for a week and the manual process of
shredded natural fibres was carried out. Fig. 1.4 shows the shredded fibres
of banana.
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Fig. 1.4: Shredded fibres of banana
The suitable method used for make the unidirectional natural fibres layer is
by hand lay method. The fibres were combed carefully to form
unidirectional oriented fibres. Then, epoxy resin was applied on them by
using a small brush and had been dried for 24 hours at room temperature.
Each layer of the fibres had thickness approximately 0.5 mm, 125 mm
width and 250 mm length. The layer of the fibres was put on the aluminum
plate. Additional layers were stacked up by following the procedure
described above until required thickness of fibres composite plates is
reached. The designation of natural fibres composite plates can be shown
in Table 1.5. There are five types of natural fibres composite plates with
different types of fibres and orientation of fibres. To provide better gripping
and to avoid slipping of the composites plate during mechanical testing, the
end tab of 50 mm were prepared. Fig. 1.5 shows the geometry of the
sample of natural fibres composite plates.
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Table 1.5: Natural fibre composites plates
Designation Type of natural fibrecomposites plate
No. of samples
(orientation
angle)
0˚ 45˚
A Banana fibre reinforcepolymer 3 3
B Sugarcane fibre reinforcepolymer 3 3
C Bamboo fibre reinforcepolymer 3 3
AB Banana-sugarcane fibrereinforce polymer 3 3
AC Banana-bamboo fibrereinforce polymer 3 3
Fig. 1.5: Geometry of composite plate model
The Universal Testing Machine (UTM ) was used in order to determine the
tensile strength of the composite plates of fibres. Accordingly, ASTM
D3039 was being used as references in conducting the tensile test.
50 mm 150 mm 50 mm
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4. TENSILE STRENGTH OF NATURAL FIBRES
From the test results, it can be seen that the rupture of the composite
plates does not occurred at the middle length of the sample but within the
gage length as shown in Fig. 1.6. However, the result is still acceptable
because the stress value is similar in the entire gage length. A cracking
sound can be heard prior failure which indicates the rupture of the fibres.
(a)
(b)
Fig. 1.6: Sample of banana fibres composite plates with orientation (a) 00 (b) 450
The tensile strength of the sample is calculated by dividing the maximum
load with the area of the composite plate (width, b x thickness, d). From the
tensile test results, different types and orientation angles of the natural
fibres resulted variation on the tensile strength. Accordingly, the tensile
strength of natural fibres for sample A (banana), sample B (sugarcane),
sample C (bamboo), sample AB (banana-sugarcane) and sample AC
(banana-bamboo) with different orientation angle of 0˚ and 45˚ of the fibres
composite are plotted in Fig. 1.7 and 1.8.
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From the figure, it is shows that the natural fibres composite plates with
orientation angle of 0˚ had higher tensile strength than orientation angle of
45˚. The reason can be due to longer length of fibres with angle of 0˚ lead
to higher tensile strength compared to short fibres due to orientation angle
of 45˚. Hence, the lower angle of fibres, the higher tensile strength of
natural fibres was obtained.
As shown in Fig. 1.7, the highest tensile strength was occurred in sample C
which consist of bamboo fibres about 50.90 MPa. Thus, it indicated that the
bamboo gave higher strength than other fibres such as banana and
sugarcane. However, the combination of different natural fibers between
banana and sugarcane in sample AB and between banana and bamboo in
sample AC not significantly increased the tensile strength of the fibers.
Fig. 1.7: Tensile strength of natural fibre composites with 00 angle
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Fig. 1.8: Tensile strength of natural fibre composites with 450 angle
4. CONCLUSION
From this study, the effect of orientation angle on tensile strength of fibres
can be seen. It is indicated that the 0˚ angle of natural fibres gave higher
tensile strength compared to natural fibres with angle of 45˚. The reason
can be due to longer length of fibres with angle of 0˚ that lead to higher
strength, stiffness and toughness compared to the natural fibres with short
length due to angle of 45˚. Besides that, it was found that the combination
of natural fibres between banana and sugarcane not significantly affect the
tensile strength of composite plate. While, the combination of banana and
bamboo was slightly increased the tensile strength of composite plate. It
can be due to contribution of bamboo which has higher tensile strength
compared to other types of natural fibres. This combination of fibres has
provided considerable improvement on tensile strength.
It can be concluded that the potential types of natural fibres which can
substitute synthetic fibres is bamboo as it shows higher tensile strength.
The bamboo fibres are able to give certain benefits to the composites such
as low density, low cost, recyclability, biodegradability and flexibility during
process. Due to low density of the natural fibers used compared to the
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synthetic fibres the composites can be regarded as a useful lightweight
material.
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